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1972.-After 12 weeks on a rigorous schedule of treadmill running, trained and untrained rats were physically exhausted to assess the effects of acute exercise on the activity of several mitochondrial enzyme systems. Skeletal muscle from untrained rats exhausted at 13 m/min demonstrated a decrease in palmitate oxidation but no significant changes in glucose oxidation, mitochondrial yield, pyruvate-malate oxidation, succinate oxidation, ADP/O ratios, or respiratory control. Skeletal muscle from trained rats exhausted at 34 m/min exhibited decreases in palmitate oxidation, mitechondrial yield, pyruvate-malate oxidation and succinate oxidation, but there were no significant changes in glucose oxidation or ADP/O ratios. There was no difference in heart mitochondrial oxygen uptake between trained rested and untrained rested rats; however, in the exhausted state oxygen uptake was greater for heart mitochondria from untrained than trained animals. The data show that exhaustion of trained rats causes a decrease in the capacity of skeletal muscle to oxidize important energy fuels. adaptation; oxidation rates; ADP/O ratios; respiratory control ratios ADAPTATION OF HEART and muscle mitochondrial enzymes during physical training has been reported for animals that were rested 18-48 hr before sacrifice (2, 13, 14, 19, 20, 23, 24), while other investigators have reported that exhaustive exercise causes alterations of mitochondrial structure in heart and muscle (1, 12, 16, 25) . These changes in mitochondrial structure and function suggest that training and exhaustive exercise may alter the capacity of heart and muscle to synthesize ATP and could thus play a role in endurance and the onset of fatigue. Reports concerning the effect of exhaustive exercise on enzyme activity of heart and muscle have not, however, supported the hypothesis that changes in the activities of mitochondrial enzymes accompany the alterations in mitochondrial structure (6, 11, 25 Isolation of mitochondria. Mitochondria were isolated by a modification of the method of Ernster and Nordenbrand (8). After decapitation, the quadriceps muscle group and heart were quickly removed, immersed in ice-cold ChappelPerry media (8), and homogenized in an Omni mixer for 5 set at 16,000 rpm. Subsequently, the homogenate was transferred to a glass-Teflon Potter-Elvehjem homogenizer and homogenized further with five strokes of a pestle rotating at 1,200 rpm. The homogenate was centrifuged at 600 X g (maximum)
for 10 min, the supernatant was saved, and the pellet resuspended in 5 ml Chappel-Perry media per gram of tissue. Following a second centrifugation at 600 X g for 10 min, the first and second supernatants were combined and spun at 15,000 X g for 10 min. After discarding the 15,000 X g supernatant, the mitochondrial pellet was resuspended in 10 ml of 0. of muscle and heart were assayed for their capacity to oxidize palmitate-1J4C. Table  1 shows that training increased the oxidation of palmitate approximately 65 % in muscle, while no change was observed in heart due to training.
Exhaustive exercise decreased (P < .05) palmitate oxidation of muscle and heart in untrained animals but only in muscle of trained rats. The effect of exhaustion on palmitate oxidation by muscle was much greater in trained than in untrained rats. However, in heart the inverse situation was observed,
i.e., exhaustion decreased palmitate oxidation more in untrained than trained animals. Mitochondrial yield. Skeletal muscle mitochondrial yield Kong and Friedberg (17) h ave shown by rather indirect means that the rate constant for fatty acid oxidation in dog heart decreases as the total amount of palmitate oxidized increases. This would seem to be a situation similar to that which we observed, since the total amount of fatty acids oxidized is increased during exercise but the in vitro maximal capacity of the enzyme is decreased. acceptor which assesses the activity of only the dehydrogenase.
Our assay, by contrast, utilizes the dehydrogenase complex, the electron transport chain, and the entire oxidative phosphorylation machinery. Since Gollnick et al. (11) found no change in the activity of the dehydrogenase complex, it seems possible that the decrease in oxygen uptake-that we observe may be due to a block in either elecExhaustion of trained animals caused a significant decrease in skeletal muscle mitochondrial yield. The cause of this effect is unknown, although it is possible that mitochondria may have been lost due to either disruption of mitochondria in the tissue or to increased fragility of the membranes which caused them to rupture during the isolation procedure.
Gollnick and King (12, 16) exhausted trained rats and found, that the mitochondria of both heart and skeletal muscle were markedly swollen with cristae that were sparse and disoriented.
In the present study, an electron-microscope examination of isolated mitochondria demonstrated that trained exhaus ted rats had a greater percent of swollen mitochondri .a and an increased mitochondrial size (unpublished observations), which seems to substantiate the observations of Gollnick and King (12 
